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(57) Abstract 

This inveutioa relates to a method of puiif^g gases wWch are polluted by hydrocaibons and the like in an apparatus 
comprising two rejactors, each reactor oompri^g a catalyst bed and a ceramic bed According to the invention the method is 
diaracterized by the combmation of the following moments : the gas that shall be puriTied is forced to stream alternately through 
a passage comprising the first reactor (1) and the second reactor (2) (clockwise streaming) and the second reactor P) and the first 
reactor (i), respectiveiy (counterclockwise streaming), the purirlcation of the gas is made by the fact that the hydrocarbons in the 
gas arc oxidized to carbon dioxide and water in the catalysts (5, 6) ; the temperature of the gas streaming through the reactors (1, 
2) is measured and when the temperature exceeds a certain level, a portion of the gas is taken out from the apparatus during the 
passage rftiie catalyst bed (5) the second reactor (2) if the gas streams in a dodcwisc direction, whereas a portion of the gas is 
taken out from the apparatus during the passage of the catalyst bed (4) of the first reactor (1), if the gas streams m a countwdock- 
wise directibn. Tbt invention also relates to an apparatus ^cfa is useable for carrying out the method. 
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A purifying apparatus 
This invention relates to a method of purifying gases which are polluted by 
hydrocarbons and the like. The invration also relates to an apparatus which is usable for 
canying out the method. 
5 Authorities and the public have lately strongly increased the demands for a reduction 

of outlets of substances polluting the environmrat Such substances can be hydrocarbons in 
solvents which are admixed to the ventilation air from an industrial plant. 

There is today in the market an apparatus for purifying gases, for instance ventilation 
air having an admixture of hydrocarbons, the purification bdng made by catalytic combustion 
10 so that the hydrocarbons damaging for the environment are transformed to carbon dioxide and 
water. Tliis apparatus comprises two reactors, each of which having a catalyst bed and a 
ceianiic bed. The combustion reaction is exothermic, i.e. it emits heat. If the concratration 
of pollutions, i.e. in this case the contmt of hydrocarbons, is high enough, the combustion 
process becomes self-supporting, which means fliat no ext^nal meigy needs to be supplied. 
15 Heat emitted during the combustion reaction increases as the content of pollutions 

increases in tiie gas tiiat shall be purified. This means diat the temp^ature in the purification 
apparatus can be so high that the material is damaged. Owing to that the apparatus known in 
the marl^t has limitations regarding the possibility to manage purification of gases having 
high contents of pollutions. 
20 According to known technique there has been an attempt to solve this problem by 

making posdble to take out gas to atmosphere at an area between the two reactors (see for 
instance EP-337 143). In ord^ that tfiis shall be accq>table from an ravironmental point of 
view , ho wevo-, sudi a channel going out to ttie atmo^heie has tt) be provided with a separate 
catalyA. Hus solution is of course both complicated and expoisive. 
25 TTiis invCTtion intrads to offCT a solution of the problem of purifying gases having 

high contents of pollutions, which solution is uncomplicated, relatively spoken, and attractive 
from an expoiditural point of view. This has been made possible by a metiiod of the kind 
motioned by way of infaroduction, which is characterized by the moments mmtioned in the 
claims. 

30 A preferred raibodimrat of an q>paratus according to the invention, useable for 

carrying out the method shall be described more closely bdow with nftmxce to the 
accompanying drawing. 

Referring to flie drawing is shown tiiere the new gqjparatus. This one comprises two 
reactors 1, 2 which are placed at a distance from each other and are preferably cylindrical. 
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The two reactors 1, 2, which: are prefoably vertically arranged, are at their upper portions 
connected by a pipe means 3. Each reactor 1, 2 has a catalyst bed 4, 5 and a ceramic bed 6, 
7. The catalyst beds are intmded to function as purification means for the gas, whereas the 
ceramic beds are intended to function as heat storage means. Furthermore, each catalyst bed 
5 4, 5 is placed on the top of &e c^amic bed 6, 7. An electric heat^ 8, 9 is arranged in the 
upper portion of each reactor 1 , 2. Bctemal, electric en&tgy by these two electric heatm can 
be supplied to tiie gas whidi is intmded to stream through the reactors* Of course, it is 
possible to use a gas bum^ instead of electric heaters for heating the gas. The lower portion 
of each reactor 1, 2 is connected by a pipe means 10, 11 with an exchange valve 12, by 
10 means of which it is possible to control the instreaming gas flow so that it first passes the first 
reactor 1 and tfara the second one 2, alternately, first the second reactor 2 and then the first 
oneL Due to that &ct the ceramic beds 6, 7altaiiatdy function as heat absorbs and heat 
emitters* 

The ^cdiange valve 12 has an entrance 13 for poUuEed gasand two exits 14, 15 for 
15 purified gas. The exchange valve 12, however, is so designed that whra the one exit 14 is 
open, is the other exit 15 closed and vice versa. The two exits 14, 15 are connected to one 
and the same conduit 16 which leads the purified gas out to die atmosphere. 

The entrance 13 of the exdiange valve 12 is connected with a conduit 17 which is 
intended to lead the polluted gsis from an emission source 18 via a shut-off valve 19 and a 
20 &n means 20 to the exdiange valve 12 and further into the reactors 1, 2. Betwem the 
conduits 16, 17 there is a arranged a bypass-valve 21. 

The apparatus further has a conduit 22 connecting the two reactors 1, 2 with each 
other. This conduit 22 is connected to eadi reactor 1 , 2 sQqproximately at Ae transition area 
b^em the catalyst bed 4, 5 and the ceramic bed 6, 7.Theconduit22isconnected with the 
25 conduit 16 to the atmosphere by a further connection conduit 23. Due to that &ct Aere is 
axated a conduit portion 22a connecting die one reactor 1 witfi the connection conduit 23 to 
the atmosphere and a conduit portion 22b connecting fte other reactor 2 with the connection 
conduit 23. In eadi of Aese two conduit portions 22a, b is a shut-off valve 24^ 25 arranged , 
These valves are so atranged that when one 24 is opm, is the other one 25 closed and vice 
30 versa. According to the pref<^ied embodiment diown in the drawing die conduit 22 is 
connected to respective reactor in the bonier layer betwera the catalyst bed and thecoamic 
' bed. Due to that fact an optimum purification is achieved also of the gas which is talcen out 
form the apparatus via the conduits 22, 23. 

The ^aratus functions in the following way: 
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When starting tiie system the valve 19 close to the emission source 18 is closed at 
the same time as the bypass-valve 21 is kq>t op&a. The fian means 20 transports air via the 
conduit 17, the exchange valve 12 and the conduit 11 into the second reactor 2 (with the 
position the exchange valve 12 has in the drawing). The air passes the electric heaters 9 and 
S 8 where it is heated and further through the catalyst bed 4 and the ceramic bed 6 of the first 
reactor 1. 

In the ceramic bed 6 the heat of the air, which was absorbed from the electric 
heaters, is accumulated. After a counter-clockwise streaming in the apparatus during a certain 
time, the portion of the exchange 12 is changed so that die air is allowed to stream in a 
10 clockwise direction, i.e. the air is aUowed to pass the apparatus via the first reactor 1 and the 
second reactor 2. The air absorbs the accumulated heat amount in the first crnimic bed 6 
which at the same time is cooled. Furthermore, the air gets a heat addition from the electric 
heaters. During the passage through the second reactor 2, the heat amount of the streaming 
air is emitted to the second agamic bed 7 which is accordingly heated. Hius, the ceramic 
15 beds 6, 7 altanatdy function as heat absorbs and heat emitters. 

As the alternate streaming continues, the temperature of the air increases. At a 
certain temp^ature the valve 19 close to the emission source is opened at the same time as 
the by pass-valve 21 is closed. This fact has the consequ^ice that polluted gas from the 
emission source 18 is conducted into the purification apparatus and is allowed to stream 
20 through the purification apparatus comprising the reactors 1, 2. In this phase the streaming 
of the gas is made alternately in a counter-clockwise and a clockwise direction. 

The catalytic combustion process starts at a temperature of about 3(XfC. In that 
connection hydrocaibons of the polluted gas are oxidized to caxbon dioxide and water which 
can be let out to the atmosph^. 
25 As has been mentioned previously, the combustion process is exothennic, i.e. energy 

is made free during the oxidation to carbon dioxide and water. This energy amount made free 
can be suffidrat for maintaining a stable temperature in the apparatus. However, the energy 
amount made free increases with an increased d^ree of pollution of die gas, i.e. with an 
increased content of hydrocaibons in the gas. This fact can lead to severe material problems 
30 in the apparatus if the degree of pollution is high in the gas tiiat shall be purified. 

According to the invmtion the problem is solved by the fact tiiat heat is deaerated 
• via the conduit 22a alternatively 22b and die conduit 23 out to the atmosphere. This is made 
in that way that the temperature of the gas being purified is recognized in die upper portion 
of the apparatus. If the temprature exceeds a certain value, let us say SOOPC^ the valve 24 
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is opened during a counter-clockwise streaming (the valve 25 is closed), while the valve 25 
is opraed during a clockwise streaming (the valve 24 is closed) . Due to that feet hot gas can 
stream out via the conduits 24a, b and 23 so that the temperature in the dppanabis is kept on 
an acoqilable levd. Thanks to the feet that tfie conduits 22a, b have such a conned 
5 two reactors as has bem motioned previously, the gas is allowed to pass also the catalyst 
number 2 in the drculadon systrai, before the gas is let out to the atmosphm via the 
conduits 22a, b and 23. Due to that feet also the deaerated gas becomes effectivdy purified. 

Thus, this new apparatus fimctions effecdvely whra purifying gases which are 
strongly polluted by hydrocarbons. The ^ypparatus is also voy suitable to be used when 
10 cleaning gases in which the contmt of hydrocarbons strongly varies. 

The invention has been tested in several diffeiinit plants and it has appeared that it 
functiaos very effectively. During one of the tests a report was made of the measurement of 
the degree of purification during purification of hydrocarbons (propane). In that connection 
the following measuring mediod was used: 
15 FID-ANALYSATORJUM 3-300, calibrated topropaneand nitrograe. TbefoUowing 

result was received: 



MeasnriAg 
point 


Measured 
airflow 


Measuring 
period 


Average 
content of 
poilutions 


Degree of 

purifica- 

tioa 


Temperature 
area 


latake 


14.600 


13,43 


1619 ppm 






air 


Nxn'/h 














16.09 








ZxbassC 


14.600 


13,43 


76;Sppm 


95,3% 




air 


Nm'/h 




*) 










15,09 








Deaeration 


4.500 


13.43 


76JS ppm 




500450^ 


ventnadoa 


NmVh • 




*) 










16,09 









*) 1619 ppm corresponds to 3,52 g Nn^, 
76,5 ppm corresponds to 0,166 g/Nm^ 
The maTiipiifi) values of the degree of poludon were 3.500 ppm (7,6 g/Nm^. 
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As appears from the table 4.500 Nm^/h deaeiated. Ttds oonesponds to a 
heating effect of 750 kW, whidi accordingly could be utilized for heating purposes. 

As has been mentioned previously the energy amount made free increases with an 
increased d^ree of pollution in the gas. The deaerated heat energy amount, based on a 
5 heating effect of 750 kW according to the test, would accordingly correspond to an extra 
degree of pollution of approximatdy 5 g/Nn^. Hiis means that the working area for a plant 
provided witti die new invention can be ralarged from a degree of pollution of about 3 
g/Nm^, which is valid for purification in conventional plants, to a d^ree of pollution of about 
8 g/Nm' without any deterioration of the d^ree of purification. 
10 The invration is of course not limited to what has bera described but can be modified 

within &e scope of the following claims. 
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Claims 

I. A method of purifying gases whidi are polluted by hydrocarbons and the like in 
an s^yparatus comprising two reactors^ each leactor comprising a catalyst bed and a c«amic 
bed, characterized by the combination of the following momrats: 
5 - The gas that shall be purified is forced to stream alt^naldy tfirou^ a passage 

comprising the first reactor (1) and the second reactor 0 (clockwise streaming and the 
second reactor (2) and tiie first reactor (1), respectively (oount^-dockwise streaming), ttie 
purification of the gas being made by the feet that the hydrocarbons in the gas are oxidized 
to carbon dioxide and water in the catalysts (4, 5); 
10 - The temperature of the gas streaming through the reactors (1, 2) is measured and 

when file t^perature exceeds a certain levd a portion of &e gas is takm out fiom the 
sq^ipacatus during the passage of the catalyst bed (S) of the second reactor (2) if the gas 
streams in a clockwise direction, whereas a portion of the gas is taiam out fiom the apparatus 
during the passage of die catalyst bed (4) of the first reactor (1), if tibe gas streams in a 
15 counts-clockwise direction* 

2. An apparatus usable for carrying out Ae mediod according to claim 1 , comprising 
two reactors (1,2), which are positioned at a distance fix>m each other and are connected with 
each oths by a pipe means (3), the first reactor (1) comprising a first catalyst bed (4) and 
av first ceramic bed (6), whereas the second reactor (2) comprises a second catalyst bed (S) 
20 and a second ceramic bed (7), and respective catalyst bed (4, 5) being arranged in connecdon 
to respective c^amic bed (6, 7), characterized in that an area at the transition 
portion between respective catalyst bed (4, 5) and connecdng coamic bed (6, 7) is connected 
to means 25) which allow a taking out of gas fiom res3)ective reactor (1, 2) at the area 
in question for a further transport b> die atmosphoe. 
25 3. An q>paratus according to claim 2, characterized in diat be means (22* 

25) allowing a connection to the atmosph«e comprises a plurality of conduits (22, 23) and 
two shut-off valves (24, 25), arranged in these ones, the one valve (24) bdng intraded to 
open or to close the connection betwera the first reactor (1) and the atmosphere, wh^eas the 
second valve (25) is intended to open or to close die connection betwe» tiie second reai^r 
30 and the atmosphere, and the one valve QA) bdqg intoided to be open when the oth^ valve 
(2S) is closed and vice versa. 

4. An apparatus according to claim 3, characterized in Oat die means (22- 
25) allowing a coimection to the atmosphere, comprise a first conduit (22) whidi connects the 
two reactors (U 2) widi each other, and diat diis conduit is connected to a second conduit 
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Q3) in such a way that the first conduit (22) is divided into two conduits portions (22a, b), 
the one conduit portion (22) connecting the first reactor (1) with the second conduit Q3), 
whereas Ae second conduit portion (22) connects the second reactor (2) with the other conduit 
(23), and that the first shut-off valve (24) is positioned in the first conduit portion (22a), 
5 whoeas the second shut-off valve (25) is positioned in the second conduit portion (22b). 

5. An ^yparatus according to claim 4, each reactor (1, 2) having an essratially 
vertical ext^mon, and respective catalyst bed (4, S) being placed on the top of connecting 
ceramic bed (6, 7), characterized in that the first conduit (22) is connected to 
respective reactor (1, 2) in the border layer between the catalyst bed (4, 5) and the ceramic 
10 bed (6, 7). 



